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In a country like India, so many "fountains of immortal bliss" lie open to everyone in the observation and record of events of daily occurrence that it seems to be almost a duty for any one who has realised how copious and unfailing they are, to do his best to make them known to others, however conscious he may be of his inability to do so in an attractive and adequate fashion.1
Cholera in the nineteenth century has proved an enduring topic for historians. In 1961 Asa Briggs called for analysis of cholera as an under-utilized yet potentially powerful tool for the emerging discipline of social history.2 Researchers in the field responded with a plethora of works on this most brutal of epidemic diseases. Despite methodological and interpretative differences, the literature has until recently been dominated by accounts of cholera in Europe and North America.3 The discovery by the German bacteriologist Robert Koch (1843-1910) of the cholera bacillus in Calcutta in 1884 is one of the central events in the history of cholera, yet Western historians have been slow to discuss the Indian cholera story in any depth. Only recently have medical historians such as David Arnold and Mark Harrison begun reconstructing the role of India and Anglo-Indians in the world-wide discourse generated by epidemic diseases including cholera. 4 The object of this study is to investigate further the Indian cholera story, before and after Koch's discovery of the cholera vibrio. My In failing to give Cunningham a central position in the cholera story, these writers have reinforced a negative historiographical approach to Cunningham which began in the early twentieth century. Cunningham was an implacable opponent of Koch, continually rejecting his bacillus as the true cause of cholera; when the latter's views on the cholera bacillus were vindicated at the turn of the century, Cunningham's work sank almost without trace. Cunningham's conflict with Kochian bacteriology can be understood only when the Indian cholera story is re-told with his full role intact.
Furthermore, Cunningham's science has a significance not fully appreciated by previous writers. I am particularly interested here in what Cunningham did in his laboratory. The role of the laboratory in "revolutionising" late-nineteenth-century medicine has been discussed by Andrew Cunningham, who takes the laboratory out of any political or social context and considers it merely as the place where germ theorists set to work reconstructing diseases.8 By this definition a laboratory is "made" by virtue of the scientific doctrine of those who work in it. Thus Cunningham describes Koch as a laboratory scientist and those who opposed him as practising some other, older, prelaboratory science. This implies that, in the context of epidemic disease, laboratory medicine was 'synonymous with Kochian bacteriology and that the laboratory was the exclusive preserve of Kochian bacteriologists. But D D Cunningham was also a laboratory scientist; in fact, he and Lewis were the first Anglo-Indian physicians to be specifically trained in fungal microscopy and culture technique. He, like Koch, worked in a room with chemicals, experimental animals and, of course, his microscope. We should therefore be cautious in proclaiming the "laboratory revolution in medicine", because this approach tends to obscure those laboratory scientists who were not revolutionaries. And we must be clearer about why some laboratory scientists were more successful than others; why it was that bacteriologists went on to construct the history of infectious disease in a way that so effectively excluded workers such as D D Cunningham. 
D D Cunningham and the Aetiology of Cholera
In this paper I ask why, despite his use of the laboratory, D D Cunningham failed to reconcile himself to Kochian germ theory and was ultimately dispatched to anonymity. I argue that three factors combined to drive his work in an anti-Kochian direction. First, his cholera research was either initiated on political grounds or came under the control of officials with an explicit anti-contagionist political agenda. Second, Cunningham's predisposition towards a broad-based naturalism and his loyalty to the German hygienist Max von Pettenkofer, a popular influence in India and from the early 1880s a fierce rival of Koch, precluded an easy conversion to Kochian bacteriology. Third, Cunningham sought to maintain a distinct Anglo-Indian medical tradition in opposition to Koch's universalizing "new" bacteriology.
That Cunningham was able to combine these influences in a viable research programme demonstrates that the view of the late-nineteenth-century laboratory simply as a conduit of scientific revolution is too narrow. The Indian cholera laboratory sustained Cunningham through nearly thirty years of research that was, at least in its later stages, thoroughly reactionary. He failed to take advantage of the bacteriological revolution, not because he was doing his research in the wrong scientific place, but because his scientific method and interpretation were determined by factors internal and external to his laboratory.
Sanitary Policy in India
The British presence in India had been threatened from its outset by epidemic disease. Throughout the nineteenth century, disease carried off more troops than all indigenous insurrections combined.9 However, after the 1857 mutiny, the colonial regime became acutely concerned with the need to maintain a healthy fighting force. It Cuningham (1829 Cuningham ( -1905 . J M Cuningham espoused a localistic approach to the aetiology of cholera in which the particular environmental characteristics of a locality had an intimate role in the generation of the disease. This doctrine had been popular among the medical profession in India since the early nineteenth century, but it was reinforced from the 1860s by the work of the German hygienist Max von Pettenkofer (1818 Pettenkofer ( -1901 .
According to Pettenkofer's soil theory, the presence of the "specific germ" and a susceptible victim could not alone produce the disease. Only in the presence of the right soil conditions would the germ acquire its pathogenic properties and a cholera epidemic occur. By the late 1860s Pettenkofer had developed his soil theory to a sophisticated level. In a celebrated equation the cholera germ was represented as x, the necessary soil 9 R Ramasubban, 'Imperial health in British 10 S Guha, ' The first response of the British government was to appoint its own cholera commission, consisting of two London pathologists, Heneage Gibbs and Emanuel Klein. During November 1884 the commission worked in the same laboratory in Calcutta as had been used by Koch. Cunningham broke off from his duties at the Calcutta Medical College to escort Klein to the water tank from which Koch had isolated the comma bacillus. There had been cases of cholera among regular users of the tank and Koch had claimed that the bacilli which he had obtained from the stools of victims of the disease, both in India and in Egypt, were identical to the bacteria in the tank. Klein also took water from this tank and from it cultivated bacteria which "were identical in every respect with those found in choleraic dejecta."63 However, Klein remained sceptical of the role of these bacilli in causing the disease. Of the dead guinea-pigs, Cunningham wrote, "There can, I believe, be no reasonable doubt that the commas exerted a specific pathogenic influence in these cases."76 However, he refused to accept that this necessarily confirmed a causal link between the comma bacilli and cholera, and remained puzzled by the survival of two of the animals. Once again, rather than directly criticizing Koch, Cunningham used his ambiguous results to formulate a new and original theory. First, he concluded that the sites in the body in which pathogenic bacteria were found in abundance did not necessarily correspond with the site of invasion. With this in mind he suggested that the route taken by the bacteria following their injection into the guinea-pigs "was from the subcutaneous lymphatic spaces to the great peritoneal one and thence by direct penetration of the walls of the intestine tube to its cavity. All ... no contagionist theory will account for the phenomena of epidemic diffusion of the disease, and ... the only one which will do so must be of the nature of that which has been so long advocated by the observer who has done most to advance our knowledge of the subject. It is very possible to differ from Von Pettenkofer in regard to matters of detail, and yet to believe that he has all along been in the right in insisting on the primary importance of local conditions.82
The significance of this paper to Cunningham's scientific development extends beyond its more explicit support for Pettenkofer. The emphasis in the title on accounting for the epidemicity of cholera marks a shift away from the laboratory and into the field. However, this field work was of a different nature from that which Cunningham and Lewis had performed in the 1870s. Koch's discovery had exposed the redundancy of pursuing two semi-independent lines of enquiry. The answer to the cholera question would now be explained from the laboratory bench. Yet Cunningham demanded that the "epidemic diffusion" of cholera be explained. Kochian germ theory may have been able to link the comma bacillus with the disease in the controlled conditions of the laboratory, or even within the confines of a well regulated German city, but it could not account for the epidemicity of the disease in India. Hence, the truly Indian laboratory would engage with the environment and take the techniques of the bacteriological laboratory-microscopy and culture-to the land in a way that Koch had not. 78 bearing "an exclusive and specific relation to the occurrence of the disease".89 Rather, several distinct species were involved, the particular type found depending on local conditions. This theory was not without political implications: "as the disease is associated-certainly in India, and probably in Europe also-with many different species, it would obviously be futile to attempt to prevent the diffusion of these from India until it had been certainly shown that none of them were native to Europe."90 This conclusion fitted in very well with the position of the Indian government. In the face of continuing international pressure for the quarantining of Indian trading ships, the colonial regime was attempting to deny that all cholera epidemics necessarily originated on the subcontinent.91 
D D Cunningham and the Aetiology of Cholera
Cunningham developed his aetiological argument in the 1894 edition of Scientific Memoirs.92 He now divided the clinical course into two discrete periods. The symptoms associated with the initial period of the disease, were, he claimed, due to the action of a specific but as yet unidentified poison, manufactured in the environment and ingested by the patient. This poison induced profound changes in the character of the intestinal canal, which in turn produced an alteration in the composition of the naturally occurring intestinal bacteria, including the various comma bacilli. When the population of a particular species of comma bacillus reached pathological proportions, these bacteria started producing toxic products which caused the symptoms associated with the second half of the disease. The outcome of the attack of cholera depended essentially on the capacity of the comma bacilli to produce these toxins.
In this paper Cunningham departed fundamentally from Pettenkofer for the first time. Pettenkofer had always maintained that the cholera poison, having left the intestine of a victim, could infect new hosts if the environmental conditions were right. For Cunningham, however, even this modest concession to contagionism was too much, and his reworking of Pettenkofer's localism involved ceasing to regard the bodies of the sick, as in any sense specially related to the manufacture of the essential cause of the disease, as in any sense forming an essential site for the manufacture and multiplication of the specific poison which induces the characteristic phenomena of cholera.93
Quite how the poison was manufactured, and what it was, Cunningham did not say. This was not what the paper was about. Its essential feature was an attack on Koch, and on contagionism with respect to cholera in general. Right at the start of the paper Cunningham expressed his bitterness that his work had been rejected or made to fit in with the results of other researchers, when in fact they were contradictory. Then he turned on Koch, expressing ten years of frustration at the general acceptance of Koch's work.
Are we to assume that he was endowed with supernatural powers of diagnosis, which rendered him capable of infallibly discriminating true cases of cholera and avoiding errors to which Indian medical men with a lifelong experience ofthe disease are liable? It is all very well to regard Koch's work in connection with cholera as typical, but if it were typical of anything, it was of imperfect observation and rash generalisation.94 [My emphasis.] This criticism recurred repeatedly in Cunningham's work. He constantly reproached Koch for having missed essential clues which the trained Anglo-Indian eye would have spotted with little difficulty. Cunningham's resentment of Koch extended to publicly belittling his status as a visiting scientist.
The theory which Koch has constructed on the basis of his discovery of the association of comma bacilli with cholera may be regarded as an excellent example of theories frequently founded by tourists in a new country on the basis of their original observations. His observation was perfectly correct, but the theoretical structure which he proceeded to raise upon it was utterly fallacious because it assumed that observations and experiments of a few weeks duration afforded sufficient ground for conclusions in regard to the details of phenomena presenting themselves under all circumstances.95 [ The antipathy towards Koch felt by many Anglo-Indians was motivated to a large part by a patriotic disdain for Germany. Anglo-Indians found it acutely embarrassing that a German should be responsible for discovering the cause of a disease that the British colonial authorities were struggling to contain. Pettenkofer, too, was not immune from such criticisms. Harrison has pointed out that Kenneth McLeod, editor of the Indian Medical Gazette between 1871 and 1892, was resentful of Pettenkofer's influence in India.96 But whereas Pettenkofer had achieved fame in the pre-unification era, Koch's discovery coincided with the burgeoning nationalism of the Reich. Koch was feted as a national hero following his isolation of the comma bacillus. On his return to Berlin he was honoured by the state with medals, money, and banquets. Koch was thus seen as being closely associated with the imperial authorities in a way that the Bavarian Pettenkofer was not. Anglo-Indians were more acutely aware of his nationality and the victory which Germany was claiming on account of his work.
By denying the eligibility of Koch to be making discoveries in India at all, AngloIndians were not only defending their terrain against German scientific expansionism, they were also setting themselves up as the only legitimate conduits of Western science in India. Arnold has posited that colonial science repeatedly pitted the expertise and understanding of the old India hand against the brash universalizing of metropolitan science. The argument was repeatedly made that only those who knew India from long experience could possibly pronounce upon the nature of its diseases and its medical or public health requirements, or were in a position to understand how cultural and environmental factors might affect the practical application of Western medical science. 97 The Indian soil, claimed by the colonizing British, had also been appropriated as their scientific territory. They alone possessed the requisite knowledge of the land to achieve scientific success. Only they could accommodate themselves and their science to the peculiarities of the Indian climate and culture.
The "special" nature of India was frequently cited as a means of disqualifying politically unacceptable theories such as Koch Cunningham has also been mentioned merely to expose the intransigence of colonial doctors in the face of the "progressive" advances offered by Koch. Jaggi, for example, claims that "the prejudiced and unscientific attitude of the I.M.S. officers was essentially responsible for making an ass of themselves in connection with the discovery of the causative agent of cholera."130 A biased historiography, and a cursory examination of primary literature, may give the impression that Anglo-Indian doctors did have their heads buried in the sand, refusing to accept the truths that flowed from Koch's pen. In fact colonial medical officers felt that they were closer to the "Indian truth" than Koch, while conceding that in the European arena, and in the laboratory, Kochian germ theory was harder to dispute.
Conclusion
In this paper I have attempted to shift discussion of laboratory medicine from the unidirectional notion of "revolution" to a more detailed consideration of why laboratories are used in particular ways at particular times. I broadly dissected Cunningham's cholera research into two periods: that done prior to Koch's discovery in 1884, and that performed in its wake. I explored the political considerations which shaped his research in these two periods. His early work, despite its inception by Parkes, became, in the hands of J M Cuningham, a tool for the legitimation of colonial sanitary policy. His later research was commissioned by a defensive Anglo-Indian establishment as a reaction against Koch rather than as a means of developing original ideas. Cunningham could not, therefore, have achieved success so long as he worked from within the confines of the "Commissioner's laboratory".
In each of these periods I also explored the necessity, in the colonial context, of uniting laboratory technique with local conditions. Initially, Cunningham carried out his research along two semi-independent lines: searching for a cholera-fungus on the one hand and analysing environmental conditions on the other. Koch's discovery of the comma bacillus threatened this approach of searching for answers in both the laboratory and the field. Yet Cunningham felt that Koch had failed to acknowledge sufficiently the uniqueness of the Indian environment. As an Anglo-Indian he regarded this difficult terrain as his scientific territory. Koch, with his fleeting observations of Calcutta's cholera-prone quarters could not offer a "local science" to deal with a disease many Anglo-Indians regarded as a problem of locality. Thus in attacking Koch, Cunningham was both denying the universal applicability of Kochian bacteriology and attempting to preserve an Anglo-Indian tradition of disease investigation.
Cunningham responded to Koch by broadening the scope of his laboratory work to encompass aspects of the environment over which he, as an Anglo-Indian, could claim a unique understanding. His aetiological theories demanded an explanation for the epidemiological behaviour of any cholera-causing organism; and in his experimental work he tried to assess the viability of the cholera bacillus in the Indian soil, concluding that local conditions were the paramount factor in determining the pathogenicity of the bacterium. Cunningham thus sought to unite the essentially European culture of the laboratory with the idiosyncrasies of the Indian field. In so doing he pursued a line of enquiry the results of which are no longer of interest to our universalist medical science. Yet his work demonstrates that in the area of infectious disease, where immense change occurred in the late nineteenth century, use of the bacteriological laboratory was not sufficient to ensure success. Powerful influences within and without the laboratory could drive a scientist to support a failing doctrine, even if the revolution was in the opposite direction, which at the time, of course, it may not have appeared to be.
